FrOR direct measurement of small amounts of power, or for measurement of power over a wide range of frequencies, dynamometer wattmeters are unsatisfactory, and vacuum tube wattmeters are often resorted to.
Hitherto vacuum tube wattmeters have depended for their operation on the use of tubes having a square-law characteristic, connected in a push-pull circuit so as to avoid indications caused by current or voltage alone. Such a device was described by H. M. Turner and F. T. MacNamara in 19301 and was patented by E. Peterson in 1926.2 References to this type of wattmeter may also be found in standard works on radio-frequency measurement.', ' An attempt to use a multielectrode tube with coplanar grids for the measurement of power was made by T. B. Wagner.5 While the device developed was satisfactory as a voltmeter or ammeter, it must be discounted as a wattmeter, for it is clearly brought out in Wagner's article that readings may be obtained by applying voltage or current alone, a condition of zero power. Moreover, it is stated that the output of the tube used is proportional to the sum of the effects of voltage and current if applied separately.
The author wishes to propose a new method of measuring power through the use of multielectrode tubes.
It may be shown of some multielectrode tubes that under certain conditions the application of alternating voltage to two controlling elements or grids results in a change in the direct-current component of the plate current proportional to the product of the voltages at the grids and the cosine of their phase angle. Hence such tubes may be used in the construction of a vacuum tube wattmeter. 1 H. M. Turner and F. T. MacNamara, PROC. I.R.E., vol. 18, pp. 1743 -1747 October, (1930 ). 2 Patent No. 1,586,553, E. Peterson, Bell Telephone Laboratories, June, 1926 Of the tubes investigated by the author, the mixer type of tube, such as the type 2A7 or 6A7, seemed best adapted for use as a wattmeter tube. The disposition of electrodes in a type 2A7 or 6A7 tube is shown in Fig. 1 . G2 and G3 are held positive at a fixed potenitial above that of the cathode, and G, and 04 are biased to be negative with respect to the cathode. Alternating-current potentials proportional to voltage and currenit are then applied to G, and 14. In such a case, the current passing through G1 is dependent only on the potential of G0, being independent of the potential of G4. The The first and third terms are necessarily of a purely alternatingcurrent nature and would not register on a direct-current meter in the plate circuit. The direct-current component of the product term is proportional to the power, since EG1 and EG4 are proportional to alternating voltage and current. It should be noted that such an instrument in conjunction with an audio-frequency oscillator would serve admirably as an harmonic analyzer of a zero-beat type, such as described by C. G. Suits.6 Fig. 7 In extending the range of the wattmeter to cover radio frequencies, transformers must, of course, be avoided. As has been explained, a single tube could be used were its characteristics for both control grids sufficiently linear. Provided the characteristic of one grid only is substantially linear, as in the case of the type 2A7 tube, the circuit suggested in Fig. 7 should provide a means of reasonably accurate power measurement without the use of transformers. This circuit is symmetrical with respect to the applied current; hence deflections due to current alone are avoided. It is not symmetrical with respect to the applied voltage, but sufficient linearity of the characteristic for G4 to avoid immoderate deflections caused by voltage alone is presumed. A certain limitation of this circuit, that one side of the current input and one side of the voltage input must be at the same radio-frequency potential, must be common to all vacuum tube wattmeters not making use of transformers. Direct-current isolation may be obtained through the use of condensers.
In conclusion, it may be asserted that present multielectrode tubes of the mixer type can be utilized to advantage as wattmeter tubes, and that with similar tubes having more nearly linear characteristics, the art of power measurement at low levels and varying frequencies might be considerably advanced.
